aims to demonstrate the potential these technologies may have with respect to research and the efforts made by psychiatric institutions that provide cognitive remediation to persons with schizophrenia. Our second objective is to start a debate on an unresolved matter: what are the ethical implications of new technologies in teaching cognitive skills and monitoring safety in schizophrenia patients?
Community care today has, in many respects, become a necessity, provided that acceptable conditions of safety and autonomy are met. A lower birth rate and a higher life expectancy together go a long way toward explaining the growing need for medical care for dependent seniors. As the number of dependent seniors increases, so do economic and sociomedical issues (for example, overloaded health facilities, higher health costs, desire for quality of life [QoL] , and quality care). When a senior person is no longer capable of independent living, home living has always been the preferred choice over institutionalization. The advent of innovative technologies has today revived issues related to community care in terms of means and safety (4, 5) . At the technical level, adapting these technologies to the conditions specific to schizophrenia poses a priori difficulties that depend on a creative interaction between psychiatrists and technologists.
Solutions for disabled persons, with respect to care delivery, workload reduction, and socialization, have become extremely significant and diversified; these include home support video conferencing (6) , remote monitoring of medical parameters through sensors (7) , teledetection of such critical situations as a fall or malaise (8, 9) , measures of daily living activities (10, 11) , and help with daily living tasks (12) . However, the introduction of new technologies in the patientpsychiatrist equation raises a series of questions concerning technical interest and feasibility, as well as ethical and legal questions. These technologies are also likely to bring about significant changes in how institutions and sociomedical organizations function. Consequently, it has become imperative to begin medical and social debate on the use of these technologies with psychiatric patients.
The lack of significant improvement in the cognitive sphere brings us to consider the notion of cognitive disability. Unlike elderly subjects afflicted by a degenerative dementia, young persons affected by a mental disorder that causes a cognitive disability see their social insertion, academic performance, and employability compromised. Society must recognize this disability and consider the possibility of modifying patients' environments to remedy the situation. This recognition calls for a conceptual shift in the field of psychiatry toward adapting the environment to the disability. This was done in the industrialized world 30 years ago, with respect to motor disabilities, when the modification of living environments (for example, lower kitchens, wider bathrooms, inclined sidewalks, and wheelchair ramps) and transportation took place. Society must now undertake a similar review aimed at overcoming cognitive disabilities in schizophrenia. This can be achieved by equipping patients' immediate environment with appropriate technology-the concept behind "smart homes."
We propose to examine the potential contributions new technologies can make in terms of environmental cognitive remediation specific to schizophrenia. We also briefly outline the corresponding socioethical issues. Because the technical dimension is extremely vast, we approach it more specifically through the notion of the smart home and the use of certain "smart objects."
Schizophrenia
Deficits have been observed in individuals with schizophrenia in practically every cognitive domain (13) (14) (15) . Although some studies show that 27% have normal cognition (16, 17) , most studies show that 85% of schizophrenia patients perform below established norms in one or more cognitive domains (14, 15, (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . The resulting disabilities in higher mental functions often have a major impact on patients' ability to function in society. It is important to bear in mind that schizophrenia causes distortion of reality in the form of delusions of persecution and psychosensorial phenomena (19) . Thus surveillance technologies could exacerbate symptoms.
Additionally, schizophrenia patients present several deficits in executive functions and perform significantly worse than normal subjects on tests measuring daily living activities (with strong ecologic validity, such as cooking) (30, 31) .
Course of Cognitive Deficits
Few studies found a gradual deterioration in cognitive functioning in schizophrenia (32, 33) . Most studies examining the relations among cognitive functions, illness duration, and age could not confirm these results (13, 26, 27, (34) (35) (36) (37) . Indeed, subjects with schizophrenia demonstrate performance stability on various cognitive tests, when compared with normal subjects. Similar results were found in longitudinal studies of chronic and first-episode patients (38) (39) (40) . Further, a review including 15 studies failed to provide evidence that a cognitive deterioration was associated with the diagnosis of schizophrenia (36) . It appears that cognitive impairments are relatively stable after disease onset.
Impact of Cognitive Deficits on Psychosocial Functioning of Persons With Schizophrenia
Green's metaanalysis of 16 studies was the first to establish a link between certain cognitive deficits and psychosocial functioning (41) . Whereas explicit memory was associated with community integration, interpersonal problem solving, and acquisition of psychosocial skills, working memory was linked to the acquisition of psychosocial skills. Sustained attention was found to be specific to interpersonal problem solving. Green's second metaanalysis, which included 37 studies, confirmed the previous observations (42) . Cognitive deficits seem to predict 40% to 50% of the variance regarding the functioning of a person suffering from schizophrenia in the community (43, 44) . Accordingly, unemployment rates among schizophrenia patients are reported to be as high as 70% to 80% (45) . These rates are higher in industrialized countries, owing to job complexity.
Conventional or first-generation neuroleptics (for example, haloperidol) have little impact on cognitive functioning, whereas atypical or second-generation neuroleptics (such as risperidone, olanzapine, quetiapine, and clozapine) have a significant impact on cognition (46) . The improvement observed at the cognitive level with the use of atypical antipsychotics may be linked to their mechanism of action.
Psychosocial Rehabilitation
In the field of mental health, it is wise to distinguish between treatment and rehabilitation. Mental health services have traditionally been geared toward the treatment of mental illness. This type of intervention seeks to alleviate or eliminate the symptoms associated with a diagnosis. Interventions aim to minimize the impact of illness on functioning (47) , and they constitute the preliminary stage in a mentally ill person's engagement in rehabilitation. Conversely, psychosocial rehabilitation aims at offering support to mentally ill persons, allowing them to live successfully and satisfactorily in an environment of their choice (47) with minimal intervention (48, 49) . This approach seeks first and foremost to help persons with mental illness develop the skills necessary for community integration and to subsequently establish a network of support and strategies to compensate for impaired skills (50) . Although the various proponents of psychosocial rehabilitation generally accept this definition, the models underlying the different programs offered vary considerably, as does the training of practitioners (51) . Numerous programs have been developed under this banner, both in the community and in hospital settings.
Initially, psychosocial rehabilitation involves the teaching of skills through psychoeducational methods, lab work, and the use of daily living and psychosocial-skills training groups (52) . Unfortunately, individuals have trouble generalizing the skills outside the laboratory setting (53) .
Today, psychosocial rehabilitation comprises training aimed at acquiring the skills related to real life settings. This entails determining whether it is preferable to develop a skill or, rather, to implement compensatory measures and use a support network (47) . It is then necessary to analyze the requirements of the person's life setting, identify the level of performance required for the person to function within the setting with the least possible intervention, and evaluate the person's skills in his or her natural environment. The support network is then identified, and its implementation is facilitated, whether this consists of arranging individuals, objects, or activities (49, 54) . In the past 20 years, various programs have been proposed and implemented in the US and Canada, all of which claim to be defined according to the principles of psychosocial rehabilitation. However, the heterogeneity of the services offered has made it difficult to compare studies with respect to psychosocial rehabilitation (51) .
Ecologic Validity
Cognitive theories as a whole seem to concur that hypofrontality of negative schizophrenia translates into difficulties in organizing one's actions and carrying out a predetermined plan. These difficulties have direct repercussions on the daily functioning of persons with schizophrenia. However, the evaluation of this dimension in research remains problematic. Whether it is estimated as a function of subjective satisfaction with daily functioning, gainful employment, or functional autonomy, the results obtained never directly quantify the extent and efficiency of their daily tasks. Indeed, this type of data is often derived from questionnaires, which, being tools of the laboratory method, fail to grasp the concrete reality of patients' daily lives. In addition, most of the research into patients' QoL is conducted in relation to the long-term effects of treatment with a certain type of neuroleptic, without focusing more deeply on the different underlying aspects of daily dysfunctioning. Social skills are the only aspect of daily dysfunctioning studied to date under truly ecologic conditions, through role-playing that aims to evaluate the capacity for interpersonal problem solving (55) . Organizational problems occurring in daily living activities have yet to be investigated in a natural environment. It cannot be assumed that the effective treatment of symptoms is a guarantee for proper community functioning or that skills evaluated by means of executive function tests reflect those needed for daily independent living. The identification of distinct sets of executive deficits in schizophrenia could contribute to the establishment of rehabilitation programs better suited to individual needs. Treating frontal dysfunctioning uniformly in all patients presenting with a negative symptomatology is more likely to fail than identifying and compensating for cognitive difficulties that are discerned more specifically. That is, recognizing and measuring particular configurations of signs of frontal dysfunctioning would lead to a better individualization of treatment plans and a more precise evaluation of therapeutic progress.
To compare the executive dysfunctioning of schizophrenia patients against their capacity for daily living, it is necessary to observe patients in a natural context where they are called on to use the same functions that appear impaired in formal testing. Such studies have already been conducted on patients with frontal brain lesions and are only now beginning to be implemented in the field of schizophrenia; it is to this end that the "cooking test" was developed in Montreal (30, 31) . It is important not to lose sight of the fact that each symptom represents but one visible sign of an affliction that is never entirely observable and that a good neuropsychological functioning test measures only a limited number of functions, ideally, only one. However, most daily activities require the combined effort of various cognitive functions and involve frequent changes in tasks that entail multiple interruptions and readjustments. Finally, it is possible that the interaction of symptoms and executive deficits finds a different expression in the laboratory than in the natural environment. All these questions must be answered by future research to ensure the development of theoretical models that not only account for the experimental data but that also share a correspondence with the situations normally encountered by patients. Adopting an ecologic approach in the study of their cognitive deficits would make it easier to apply experimental results to clinical practice.
Cognitive Rehabilitation
The literature regarding cognitive rehabilitation distinguishes 3 types of interventions: first, interventions aimed at improving cognitive impairments; second, teaching compensatory intervention strategy when impairments fail or cease to improve; and third, the possibility of modifying certain environmental elements to circumvent deficits (17, 18, 56, 57) The cognitive approach aimed at improving individuals' cognitive functions involves the use of specific exercises for expanding attentional capacity or memory, for example, repeating selected exercises many times weekly while gradually increasing their level of difficulty. Various computer programs have been developed to provide this type of intervention. Although the impact of systematic cognitive training on targeted functions has been widely investigated, results remain inconsistent (58) . Certain studies observed an improvement in cognitive functions following sustained training, but the capacity to generalize these gains was not established (17, 20, 22, 59) . Consequently, it is recommended that this form of cognitive training be used in conjunction with cognitive-behavioural interventions to maximize the learning of psychosocial skills and other requisites for employment (56) .
Certain programs begin by offering training geared to basic cognitive functions before presenting laboratory exercises that allow participants to gradually learn problem-solving methods through role-playing. It is assumed that the improvement in cognitive deficits will allow the individual to more effectively integrate skills taught. This combination of cognitive training and cognitive-behavioural methods seems to yield good results relative to personal functioning and integration at work (17, 55, 60) . The compensatory methods taught subsequently take into account specific cognitive deficits, fostering a higher awareness of deficits and the use of environmental aids such as memory joggers and electronic signals and alarms. These environmental methods are geared to foster the appearance of desired behaviours (61) (62) (63) (64) . However, since none of these interventions have been demonstrated to be definitively beneficial, they are generally combined to meet the needs of each individual and are used as a function of the person's response to the intervention (18) .
Despite advances in the development of less deleterious antipsychotics with clear cognitive benefits, the effect size of treatments' effectiveness is still overly small. Typical neuroleptics, such as haloperidol, have little impact on a person's cognitive functioning, whereas atypical antipsychotics are now recognized for their significant impact in this regard. Improvements noted at the cognitive level, following use of such atypical antipsychotics as risperidone, olanzapine, quetiapine, and clozapine, could be linked to the mechanisms specific to this new generation of drugs (46) . Aside from medication, current research recommends combining a pharmacologic approach with rehabilitation to obtain the greatest possible impact on a person's cognitive and functional ability (51, (65) (66) (67) .
Smart Homes and Smart Objects
These measures deploy a broad array of high technologies, including smart sensors (physiological, actimetric, and environmental), smart clothes integrating fabrics and sensors, wire and wireless networks, home robotics and activators, distributed artificial intelligence, and ubiquitous computing ( Table 1) . The development and diffusion of these technologies have increased considerably over the past few years (1). However, maximum efficacy lies in combining complementary technologies to produce tools that provide new responses to medicosocial needs. Finally, all these technologies do not suffice in and of themselves; seldom can they be divorced from the notion of service. The services that are complementary or indispensable to the use of these technologies range from simple maintenance to various teleservices that help keep home-living, disabled persons in contact with different types of interveners, such as home support workers, physicians, social workers, other persons with disabilities, and associations. Traditional applications include control of cooking apparatus and automatic opening and closing of doors and windows.
Immotique Immotics Technical means for adapting a building to be fitted with domotics equipment (consideration given in the architecture to local computer networks).
Capteur intelligent
Smart sensor Sensor capable of transducting a physical effect into a digital quantity (a capacity it possesses by definition) and the advanced processing of data it produces.
More sensors are becoming "smart"; one of the best examples is the fall sensor; it often comprises several sensors (vertical and horizontal acceleration). Better integration of these data using complex algorithms to determine the type of fall (for example, forward or backward) and to communicate with other devices.
Appartement intelligent

Smart home Smart house
Home fitted with sensors, activators, and computers; most often connected to a remote centre and offering a broad range of possibilities (for example, automation of various sorts, remote control, remote supervision, and telemonitoring).
Experimental smart home applications are being developed for home support of dependent persons (for example, persons with physical or mental disabilities, the elderly, and the chronically ill).
Chambre intelligente
Smart room Same definition as above but limited to a single room.
Experimental fitting of hospital rooms, for example, devices to enhance the patient's comfort, the quality of care, and the work of the caregivers.
Objet communicant
Smart object Manufactured object fitted with micro-or nanotechnologies that confer to it a certain autonomy and intelligence.
Many cutting-edge applications (for example, mobile telephones, sensors, watches, and pens).
Résautage spontané Spontaneous networking
Ability of a device with embedded intelligence to communicate with an artificial environment; that is, the faculty of random interconnection of smart objects that share the same communications protocols.
Basis of ubiquitous computing; component smart objects are expected to come into contact in an entirely random fashion in the course of human activity (for example, a person carrying a smart object that displays on-screen information selected and adapted to his or her needs); examples can be found in the fields of administration and tourism.
Vêtement intelligent
Smart clothes Life vest
Clothes fitted with sensors to monitor a person's health and to communicate the data to a remote centre.
Two major applications: military (state of a wounded soldier) and medical (medical telemonitoring of physiological parameters at home).
Background and State of the Art
One of the recent technological responses to home support needs has taken the form of health-smart homes (1-3,12,68-74) and adapted smart objects, such as telephones (75) . Related research has examined specific medical fields, such as respiratory medicine (asthma) (76), cardiology (7), and gerontology (77), or has sought a general model capable of being adapted to a wide variety of applications (78) .
Numerous scientific and technological projects in the area of home support for frail persons have been undertaken in France and elsewhere in the past 15 years. Recently there has been a noticeable surge in the number of smart home projects, which is no doubt related to the development of ubiquitous computing and smart objects. Begun in the 1980s, research into the interior design and outfitting of living environments with electronic, computerized, and robotic instruments has progressed considerably in the 1990s. Various model homes have been developed in the past decade for demonstration and research purposes. Figure 1 shows an example of a smart home floor plan. The first appeared in the early 1990s, when Celler and colleagues (79,80) tested whether it was possible to evaluate the functionality of seniors at home in a noninvasive manner using a network of sensors dispersed throughout the natural living environment and connected to a remote data processing centre. The Japanese, too, have been quick to appreciate the potential use of domotics technology, as evidenced in particular by 2 projects, namely, the Smart House in Tokushima (72) and the Welfare Techno House (WTH) in Tokyo (81) . In Toulouse, France, the PROSAFE (Systems of Surveillance of Elderly Persons) project has sought to describe the nighttime activity of dependent elderly patients in their hospital rooms (82, 83) . Two other projects-the AID House (84) in Edinburgh, UK, and Smartbo (69) in Stockholm, Sweden-were geared toward the use of automatic devices to ensure the greatest autonomy possible for persons with disabilities or with restricted mobility (for example, the use of remote controls to open and close doors and curtains, to flush toilets, to switch lights on and off, and to adjust heating). Also, the Smart Model House (72) in Eindhoven, Netherlands, was designed according to 71 criteria set by the Dutch Senior Citizens Label system to ensure an optimal QoL at home.
More recently, research projects have been undertaken in the field of medical robotics and artificial intelligence. These are aimed at developing systems for supporting tasks that have certain risks, such as forgetting a pot on a burner when one's attention is distracted.
Domotics automatically lights a room upon a user's approach and allows for the remote control of "white goods" (that is, appliances) and "brown goods" (for example, televisions, videoplayers, doors, and windows). Robotics offers automated guides for the visually impaired, articulated arms for paraplegics (85) , and tongue-activated switch systems (86 Smart fabrics are integrated in military, medical, and sports equipment to monitor and adjust heart rates, body temperature, and other conditions, for example, breathing fabrics that adjust to external and internal temperature and wearable PCs and cell phones; current military applications are electrical signal current, light energy, and wireless audiovisual communication devices implanted in the fabric.
Géoréférence
Georeferencing Determines the position of an object in a given area. Currently practiced in numerous domains (for example, aeronautics, maritime navigation, and location of stolen vehicles); trials have been conducted for locating persons inside an apartment or within an urban or rural area, particularly to help find cognitively impaired patients.
designates the home, it should be considered in its broader ecologic sense, which extends to the neighborhood and to the urban or rural area where persons circulate, conduct their business, and engage in activities. Generally speaking, these functions can be grouped into 4 major categories: data collection, data analysis, intervention, and evaluation.
Data Collection
Data collection concerns the gathering of 3 sorts of data: physiological and actimetric (that is, a person's state of health), georeferential (that is, a person's location), and environmental (that is, the state of a living environment). This data collection is performed by various means, including various sensors and, if need be, microphones and cameras in certain cases. Where schizophrenia patients are concerned, it would be useful also to gather electrophysiological data on their cognitive anomalies and brain activations. Certain sensors are currently being developed to this end. Presence detectors placed throughout the home can provide data on a person's mobility and movements within and between rooms, to analyze their coherence. Data on abnormal movements, such as akathisia, agitation, and amotivation can be obtained through actimetric sensors (8) . The incidence of deficit-related risks (for example, leaving a stove burner on and flooding a 
Data Analysis
Data transmitted by sensors can be analyzed for the immediate purpose of detecting critical situations or for the longer-term purpose of understanding the pathology in question. There are several data-analysis techniques. Some seek to recognize preestablished sensor reading scenarios (for example, pollakiuria, insomnia, and constipation), while others profile the patient's behaviour (that is, the normal state and deviations from the norm) with a view to gaining a better understanding of cognitive phenomena or to triggering an alarm in the event of a sharp deviation.
Intervention
The living environment can intervene to provide support with specific tasks, to prevent dangerous situations, to remind the person to take medication, and so on. With regard to cognitive remediation, devices must be user-friendly to compensate for memory or planning deficits and poor symptom management.
Evaluation
A smart living environment must make it possible to validate measures ecologically to account for daily functioning more accurately and to study the relation between functioning and cognitive performance. Evaluation is meant to validate or invalidate concepts and hypotheses underlying research programs. This evaluation covers various dimensions, the predominant ones being medical (that is, the impact of the support provided by technical devices on the patient's rehabilitation), technological (that is, sturdiness, sensitivity, and specificity of devices), economic (that is, industrial feasibility of certain prototype devices and economic viability of new practices), and socioethical and legal (that is, the respect of privacy and of medical confidentiality and the legalization of innovative practices).
Limitations
Paranoid Delusions
The distortion of reality is one of the syndromic dimensions of schizophrenia. This dimension can be responsible for paranoid ideation and psychosensorial phenomena such as hallucinations. This means that patients may already believe that hidden microphones and cameras are present in their immediate living environment for the purpose of influencing and persecuting them. Consequently, the technological devices installed in a smart home could easily fuel delusions and further undermine an already tenuous grip on reality. Notwithstanding the equipment's virtues with respect to cognitive impairments, the risk exists that patients' psychotic delusions may already contain elements of thought and behaviour control by an outside force. The big challenge here is to achieve a balance: to improve outside cognitive support without aggravating or inducing delusions.
Ethics
The development and application of the technologies described above raise several questions regarding respect for the dignity and privacy of disabled persons, their safety outside the hospital setting, and the quality of telemedical care. These issues concern us all as citizens and cobuilders of society. Because they specifically touch on our life and evolution, these questions, in our view, fall directly within the field of bioethics. Although they have already been the focus of extensive reflections regarding their general aspects (87) (88) (89) (90) In our culture, too much technology immediately evokes a nightmarish vision stigmatized by utterances such as the following:
The touch pads and screens of artificial intelligence are called on at every turn to assist the physician; soon they will replace him. Disembodied and virtualized, the patient is fast becoming a database manageable at a distance. Under the guidance of the physician-data manager, the notion of the patient may be gone, making way for the user/manager-of-his-own-health. Welcome to the brave new world of medicine-a world of robots and computers (personal communication, V Rialle, April 2002).
This negative vision is offset by a more humanist outlook, such as that proposed by Serres: "The sciences and the technical disciplines are simply following humanism by the book: You want to make man? Here's how. And now, humanists, unveil your plan, for the time has come to execute it" (91, p 58)
Temporary Solution
One aim of this article is to bring forth a discussion involving colleague psychiatrists and ethicists regarding a complicated issue. It seems preferable in psychiatry to substitute the term "patient," which is passive, to "user," which is more active, suggesting one who can express his or her needs (92) . Technological intrusion could be limited while the "presence" of the equipment is preserved, for example, by integrating it into the interior and exterior designs of building. Similarily, as much technological control as possible should be given to the user (for example, control of transmitted information and time of transmission, choice of disconnecting the system, and choice of using the camera, except in particular cases). In addition, the frequency and duration of interaction with technology can be considered. Finally, it is necessary to consider the rewards brought by the use of these technologies: access to complementary services and conselling, social contact, distant access to bookshops and other on-line shopping, banking services, and distant learning. Further, it is worth mentioning that today there exist specific standards for health technologies. The American congress in particular recommended such standards (93) in the US (94) .
The increasing use of advanced technologies should gradually erase reservations about them and thus allow them to become an element of everyday life like the telephone, television, and microwave.
Another concern is the risk of overtechnicalization of health care and human involvement. A simple question can lead us in the right direction: What happens in the event of power failure, as experienced in Quebec in 1998? Will dependent schizophrenia patients in turn become dependent on electronics? Is one likely to create a dependence on technologies that is more serious than a dependence on other people? Deeper analysis has to be conducted and will be the topic of another research article on issues of individual freedoms, civil rights, personal autonomy, informed consent, confidentiality, and the ethics of reality shows.
Conclusion
This article introduces the concept of the smart home and how it can be applied to remediation in schizophrenia. Another future objective is to illustrate that it could be a new way to collect data in a real-world environment. As we have seen, the complexity of digital technologies renders the matter of responsibility more complex. However, does the tool not merely extend the physician's capacities and broaden medical resources? Above all, digital technology expands the capacities of society as a whole-in particular, the capacity to allow its more dependent members, such as schizophrenia patients, to lead a happier life.
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